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PLAN OF THE TALK

� Neutrino Physics in India

Domestic Program

� India-based Neutrino Observatory (INO – ICAL) - Talk by

Raj Gandhi on “INO Physics & Status” in Session 4 -

“Joint Session with Proton Decay WG on Large

Detectors” – 1.12.2011
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Detectors” – 1.12.2011

International Collaboration

� Indo-US Neutrino Collaboration

� Near Term Plan (2010 -2015)

� Long Term Plan (2015 and Beyond)



INDO – US NEUTRINO 
COLLABORATION  @ 
INTENSITY FRONTIER
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Near Term Plan – MIPP-I, MINOS, 
MINOS+, NOννννA, LBNE ND 

Long Term Plan – LBNE with/700 kW 
Beam, LBNE w/Project-X



HISTORY OF INDIAN COLLABORATION AT FERMILAB 

1. Emulsion exposure in 200 and 400 GeV beam – late 70’s

2. Di-muon (DY) experiment – as individual collaborators – late 70’s

3. Fixed target experiment  E706 – DU – 1985 - 1992

4. Tevatron Collider  D0 – DU, PU, TIFR – since late 80’s, early 90’s (Students 

are still working on data analysis and Ph.D thesis)

Visit of US team in 11/2003 to discuss further collaboration:
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5. Accelerator Collaboration – RRCAT, IUAC, BARC, VECC, IGCAR  ~2006

6. Neutrino Collaboration – Since 2009                                                                        

Across the board on Fermilab Neutrino Experiments                             

Working/planning to work on MIPP, MINOS, MINOS+, NOννννA, LBNE [pre-

Project-X (w/700kW beam power) and with Project-X (~2.3 MW beam)] -

Institutions Involved - BHU, CUSAT, DU, IITG, IITH, JU, HU, PU.            

More institutions have expressed interest.



UMBRELLA MOU between INDIAN and US INSTITUTIONS - 2006
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MOU on νννν Collaboration between Indian Institutions & FERMILAB - 2009
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Collaborating Institutions:
1. Banaras Hindu University, Varanasi
2. Cochin University of Science & Tech., Cochin
3. University of Delhi, Delhi
4. IITG, Guwahati
5. IITH, Hyderabad
6. Jammu University, Jammu-Tawi
7. Hyderabad University, Hyderabad
8. Panjab University, Chandigarh

Continuing to discuss collaboration with other  
institutions.  Many more interested.



STATUS OF THE COLLABORATION

� Strong support from Universities, DAE and DST 
management for this collaboration.

� Administrative approval given by DAE and DST. Expect 
money by the end of 2011. Amount requested ~$2M+.

� Collaboration in progress since 2009. 
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� Five students and around 10 faculty currently involved 
in MIPP, MINOS and LBNE. 

� In last two years we have done analysis, written 
scientific documents and presented results on MIPP, 
MINOS and LBNE.

� In near term we plan to involve about 15 faculty 
members and graduate ~20 students by 2015.



U.S. DEPARTMENT OF STATE

U.S.-India Science, Technology and Innovation Cooperation 
Office of the Spokesperson
Washington, DC
July 19, 2011

MORE ON INDO-US COLLABORATION
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July 19, 2011

Discovery Science: The United States’ Department of 
Energy and India’s Department of Atomic Energy 
signed an Implementing Agreement on Discovery 
Science that provides the framework for India’s 
participation in the next generation particle accelerator 
facility at Fermilab.
http://www.state.gov/r/pa/prs/ps/2011/07/168740.htm



� θθθθ13 – what’s the value? 

� Is there leptonic CP violation?

� Mass hierarchy - whether “normal (m3>m2>m1)” or  
“inverted (m2>m1>m3)”? 

� θθθθ - is it maximal? 

INTENSITY FRONTIER - WHY INTEREST IN NEUTRINOS?  
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� θθθθ23 - is it maximal? 

� Resolve the degeneracy.

� Supernova neutrinos. Relic neutrinos from  supernovae.

� Precision measurements; large ∆∆∆∆m2 oscillations (LSND,  
MiniBooNE); and other searches (NSI, Sterile Neutrinos) –
with LBNE ND.



Why partcipate in LBNE and LBNE-ND?

Inspiration from the DAE/DST management – participate if:

� The program is Physics Rich 
� Compelling Neutrino Physics 

� In long run expect at least 50 Ph.Ds from Indian Institutions
� Physics of Near Detector 

� Participation by Experimentalists / Engineers
� Exploration by theorists due to richness of the program

� Indian contribution should be significant and should have DAE-
DST ownership 
� Design, built, and operate either Magnet+ECal+Muon system, 

or Magnet+ECal, or Magnet+Muon system 

� Contribution should have synergy with interest and expertise in 
India and with INO program 
� Expertise exists in magnet design, scintillator (for ECal and/or 

muon) and RPC (muon) detectors and SiPM (Ecal) readout
� Compliments INO physics program
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Near Detector Concept and Physics?

1. Use of an “identical small detector” at the near site is insufficient  for 
future LBL experiments.  Scaling prohibits having identical detector 
technology for the ND and FD. What should be the aim of an ideal 
ND? It should provide:
� Flux of νe, νµ, νe, νµ at ND and FD as function of Eν and θν

� Absolute neutrino energy (Eν) scale

� Measurement of neutrino induced π0, π+, π-, p, K± flux  in NC and CC 

interactions in ν-H2O or ν-LAr - backgrounds to oscillation signal 

� Difference between neutrino and anti-neutrino interactions for both � Difference between neutrino and anti-neutrino interactions for both 

electron and muon flavor

� The LBNE-ND aims to provide precise constraints on the systematic 

errors affecting the ν oscillations physics – ultimate calibration of the 

Far Detector

2. Discovery Potential  - Sum-rules, iso-spin physics, searches (sterile 
neutrinos etc.)

3. A whole bunch of very precise measurement
4. Over 75 different topics/papers/thesis (next-page)
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PHYSICS POTENTIAL with HiResMνννν?
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LBNE NEAR DETECTOR REQUIREMENTS

� Define the measurement  required at the near site to meet the goals of  LBL 

neutrino analyses

� How well we must measure the predicted neutrino fluxes?

� Intrinsic νe contamination in the beam 

� How well we must predict signal and background rates and topologies

� What measurement must be made to accomplish these predictions?

� Charged current background and signal – extracting the neutrino flux at 

far site – un-oscillated νµ spectrum

� Neutral current background - νµ NC π0 and NC γ

ν ν Flux of neutrinos at ND 
� Both for ν and ν beam

� Same nuclear target as far detector

Flux of neutrinos at ND 
91% ννννµµµµ, 8%νµνµνµνµ, <1% ννννe
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Near Detector Concept for LBNE

STRAW TUBE TRACKER (STT) – Current Design 

� 2.5m X 2.5m X  4m (ρρρρ ~ 0.1 gm/cm3)
� 4ππππ ECAL
� Dipole Field (0.4T)
� Muon-detection (RPC) in Dipole and 

downstream

� Transition radiation – distinguished e±±±±, and γγγγ
thus distinguishing  ννννe,ννννe, and ππππ0

� dE/dX – separates p, ππππ±±±±, ΚΚΚΚ±±±±� dE/dX – separates p, ππππ , ΚΚΚΚ
� Muon + Magnet   - µµµµ±±±±

� H2O (D2O) Target (~X5 FD stat.) →→→→ WC-FD
� QE-Proton ID →→→→ Absolute Flux measurement
� Pressurized Ar-Target (~X5 FD stat) →→→→ LAr-FD

Greatest Scientific Return.
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With Indian contribution, it would be possible to build a higher-resolution 
and larger-ND (4m X 4m X 7m) capable of fulfilling oscillation needs and  
precision measurements/searches. 



PI-ZERO (ππππ0) PRODUCTION IN STT

NOMAD DATA 
ππππ0→γγ→→γγ→→γγ→→γγ→ e±±±±e±±±± is 
clearly visible

� In the original version the STT will have 12 times more hits.                                     
One can reconstruct e±±±±, γγγγ, and thus ππππ0. 

� Measurement of ππππ0 in NC and CC via γγγγγγγγ in tracker.                                           
ππππ0 is the largest background toννννe appearance.

� Measure beam ννννe andννννe.  A must if there are large                                              
∆∆∆∆m2 (~ 1 eV2) oscillation a la LSND or MiniBooNE.

� Measure absolute flux.
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Why ECAL is critical for LBNE ND?

� Clean π0 and γ-signature in STT.

� ν-NC and CC → π0 → γγ. 50% of 

the γ will convert  into e± in the STT, 

away from the primary vertex. We 

focus on these.

� γ-identification.  e± ID: TR – using � γ-identification.  e ID: TR – using 

kinematic cut: Mass, opening 

angle.

� At least one converted γ in STT. 

Another γ in the downstream or 

side ECAL.

Conclusion →→→→ ππππ0 is very well 
constrained in CC and NC.
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WHY a B-Field?

1. Constrain Eνννν flux.
2. ND must measure the full range of Eνννν and θθθθνννν else the sensitivity 

of FD will be compromised.
3. For LBNE, the maximal sensitivity for δδδδCP is at Eνννν = 1.5 GeV.
4. STT will be able to distinguish µµµµ+ and µµµµ- down to 0.3 GeV.

Also the ND must measure and identify leptons (both 
muons and electrons) at large angles.muons and electrons) at large angles.

Must measure the difference in ννννe andννννe interactions 
which might fake a “δδδδCP” in the range 0.5-1.0 GeV

SUMMARY – ND must have a magnetic field.
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ννννe and ννννe CC  MEASUREMENT  

e+

The most difficult of neutrino species to identify

� X12 higher sampling in STT.
� X 4ππππ calorimetric and µµµµ coverage.
� ECAL is critical for  ννννe,ννννe, and ππππ0 reconstruction.
� ννννe most difficult to reconstruct in any neutrino experiment. 

Only ~0.2% of ννννµµµµ CC events.
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KINEMATICS IN STT DETECTOR

1. Allows to reconstruct Pt
µ and Ph in a plane ⊥ to the neutrino direction.

Neutrino is parallel to the detector. 

2. Implies event wise measurement of missing Pt vector - Eν scale.

3. In ideal CC case it will be zero. For NC case – large missing Pt.

4. Allows to classify and  understand the event. Only STT can do it.
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PROTON IDENTIFICATION

1. Precision determination of ννννµµµµ - QE requires proton tracking.
2. Example of a νννν-interaction in a high resolution ND as a calibration of FD. 

Need proton-tracking & resolution to point to the H2O and D2O vertex.
3. QE in H2O and D2O will provide an absolute-flux measurement.
4. µµµµ-,p provide an “in situ” constraint on the Fermi-motion and hence on the 

Eνννν scale.
5. QE interactions dominant in low-Eνννν. Need accurate parameterization of QE.

6. So – ND must track and ID QE-protons.

Use NOMAD data/MC Use NOMAD data/MC 
as calibration.

In the original 
version, the STT will 
have X6 more points 
for protons.

Such low proton 
momentum quite 
common at LBNE.

11/30/2011 - Intensity Frontier Workshop 20Brajesh Chandra Choudhary - University of Delhi



Measurement of the RATIO ℜℜℜℜeµµµµ?

� Search/Impact of large ∆m2 oscillations. If these exists then the assumption 

that flux at ND is unoscillated is false.

� Independent analysis of ν-data and ν-data due to possible differences 

between MiniBooNE/LSND results.

� Need a detector which can identify e+ and e-.

� Measure the ratio between the observed νe (νe) CC events and the observed 

νµ (νµ) CC events as a function of L/Eν:

� Compare the  measured ratios ℜeµ(L/Eν) and ℜeµ(L/Eν) with the predictions 

from the ν-flux determination assuming no oscillations

� Same analysis technique used in NOMAD to search for νµ→νe oscillations

� MiniBooNE effect is at 1% level. LSND measurement at 0.1% level.
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INDIAN INTEREST IN LBNE – ND (STT)

1. A fine-grained ND is important for achieving LBNE aims. 
2. Having a segmented ND helps in participation.

3. The Indian participants have proposed to Indian funding 
agencies (DAE and DST) to build a significant part of the 
STT-ND. Our ambition is to built: 

� Dipole Magnet  - Fabrication through Indian Industry
� ECAL  - Scintillator Detector + SiPM (a la CMS)
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� ECAL  - Scintillator Detector + SiPM (a la CMS)
� Muon-Detector  (RPC a la INO)

4. Total Cost = $50M (Rs. 250 crores)

5. Fulfills DAE-DST requirements of
� Rich Physics
� Significant contribution with DAE-DST Ownership
� Synergy/Interest
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Summary and Conclusions

� The Indo-US neutrino collaboration is progressing well. 

� We aim to further expand this collaboration towards a 
compelling neutrino program at the intensity frontier.

� Propose to make a significant contribution to LBNE, with 
700kW and beyond, with a clear DAE-DST flag.

� Will train and generate manpower towards future 
scientific projects in India.

� Complementary and synergistic to our indigenous efforts.

� Indian industry can play major role in detector fabrication.
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Summary and Conclusions

� To make a significant and clearly visible 
contribution to LBNE, we have asked the 
Indian funding agencies for a leadership 
level contribution to the Near Detector.

� An encouraging statement from the US 
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� An encouraging statement from the US 
funding agencies on the time frame of the 
LBNE experiment and Project-X will be 
important in securing support from Indian 
funding agencies.

THANK YOU


